When copulations are costly, fertilization is reciprocal and fecundity is positively related to size, hermaphrodites are expected to favour large partners, leading to size-assortative mating. Size-related mate choice has, however, never been observed in hermaphrodites. In the £atworm Dugesia gonocephala copulations cost time and are reciprocal, and size is a positive predictor of female fecundity. Every copulation is preceded by a phase in which one partner glides on top of the other and both spread out and £atten, suggesting that partners assess each other's size. A total of 124 copulating pairs collected on four di¡erent dates, proved that mating is size-assorted in the ¢eld. In experiments with groups, more copulations took place between equally sized individuals than were expected when matings were random. In experiments with pairs, partners of di¡erent size exhibited twice as many mating attempts for the ¢rst copulation than did partners of the same size. We conclude that D. gonocephala employs a unique kind of pre-copulatorỳ £attening' behaviour as a mechanism to signal as well as to assess relative size. This does not only con¢rm that hermaphrodites can mate assortatively when certain assumptions are met, it also proves that even lower invertebrates can show active mate choice.
I N T RO DUC T ION
Darwin wrote that sexual selection is absent from true hermaphrodites because of the`union of sexes' and because, as with all lower invertebrates,`these animals have much too low mental powers to feel mutual rivalry or to appreciate each other's beauty or other attractions' (Darwin 1871) . However, in species with this mode of gender expression male and female genitalia can be complex and diverse and mating behaviour is often elaborate (Hyman 1951; Eberhard 1985) , suggesting that sexual selection is at work (Charnov 1979; Michiels 1997) . Mating con£icts are known to have resulted in egg trading in external fertilizers like serranid ¢shes (Fischer 1984 (Fischer , 1987 Petersen 1995) , and polychaetes (Sella 1985 (Sella , 1988 (Sella , 1990 Sella et al. 1997) , whereas sperm are traded in internal fertilizers like the sea slug Navanax inermis (Leonard & Lukowiak 1984 , 1991 , and the planarian Dugesia polychroa (Michiels & Streng 1997) . Sperm trading may o¡er one explanation for the often complex mating behaviour seen in e.g. terrestrial snails, which is assumed to assure the synchronous and reciprocal exchange of sperm (Lind 1976; Chung 1986; Adamo & Chase 1988; Reise 1995) . What is unresolved, however, is whether and how hermaphrodites choose a mate among other hermaphrodites before even attempting to copulate. Note that this question di¡ers from whether hermaphrodites prefer other hermaphrodites over conspeci¢c males, as shown by Sella (1988) and Sella et al. (1997) .
If we assume that the female function of a hermaphrodite rarely runs short of sperm (but see Levitan 1996) , and that the bene¢ts of receiving multiple ejaculates are limited, one could expect hermaphrodites to mate mainly in order to inseminate their partner rather than to receive allosperm (Charnov 1979) . This view stems from gonochorists, where females usually limit male mating opportunities and, as a result, males rarely refuse to donate sperm when given an opportunity (Andersson 1994). In hermaphrodites, however, mating opportunities are not limited in this way because, since most members of the population may be willing to donate, all may readily copulate and accept sperm in order to have a chance to give sperm. Hence, a donor may not be limited by the number of mating partners, but by its own capacity to inseminate them. Because of sex allocation considerations, it may therefore be the sperm donor who becomes choosy about who to donate sperm to. Mate choice may therefore evolve when there is variation in the fecundity of the receiver, and when copulations are costly and the availability of alternative, receptive conspeci¢cs is high.
In many hermaphrodites large individuals produce more eggs (Crozier 1918; Wolda 1963; Baur 1988; Baur & Raboud 1988; Yusa 1994) and copulations are costly (Lind 1976 (Lind , 1988 . As many species also occur at high densities, a preference for larger partners may evolve. Since sperm donation is usually reciprocal, small individuals may, however, be rejected by partners that are bigger than themselves, resulting in sizeassortative mating (Ridley 1983) . Size-assortative mating, however, has only been found in two cases. In the ¢rst, however, it was due to the physical incompatibility of partners that di¡er signi¢cantly in size (Crozier 1918) , whereas in the second it was a consequence of age-dependent mate choice (Tomiyama 1996) . It has not been found in others (Baur 1992; , nor has anyone to our knowledge described pre-copulatory behaviour in hermaphrodites that is suggestive of this kind of mate choice.
We investigated the pre-copulatory behaviour of the planarian Dugesia gonocephala Duge© s 1830 (Platyhelminthes, Tricladida), a simultaneous hermaphrodite with reciprocal insemination and size-related female fecundity (Vreys & Michiels 1995) . Sel¢ng does not occur (Vreys et al. 1994) . A unique kind of pre-copulatory behaviour, suggestive of`partner sizing', precedes every copulation (Vreys et al. 1997a) (¢gure 1 a,b,c) . When touched by a conspeci¢c, receptive individuals spread and £atten in response. If the touching animal is receptive as well, it will begin to move its head sideways over the back of its partner (¢gure 1a). Subsequently, the touching individual may glide onto the back of its partner, resulting in a characteristic sandwich posture' in which one partner lies on top of the other (¢gure 1b). In this position, contact between the ventrally situated gonopores is not possible. If the sequence continues, both partners will £atten to more than double their (un£attened) surface area. Genital contact is established when the lower individual raises its caudal end (¢gure 1c). Copulation (¢gure 1d) lasts for 4.5 AE 2.2 h (range 0.2À10.6 h, n 111). Penises are mutually inserted and spermatophores are predominantly transferred in both directions. Every copulation is preceded by this whole sequence, but most sequences are interrupted and end without copulation. Unreceptive individuals never £atten upon being touched, nor do they lie on top of each other. See Vreys et al. (1997a) for a detailed description.
To test whether the outcome of this behaviour indeed depends on the relative size of both partners and whether it results in size-assortative mating, three data sets were collected. First, we measured mating and nonmating animals collected in the ¢eld to look for sizeassortative mating under natural conditions. Second, we determined the frequency of homogamic (sizeassorted) and heterogamic (not size-assorted) matings in size-discrimination experiments in the laboratory. Finally, we looked at the outcome of mating attempts in homogamic and heterogamic pairs.
. M AT E R I A L S A N D M ET H OD S (a)
Size-assortative mating in the ¢eld D. gonocephala gathers under stones in small streams throughout continental Europe. A total of 124 copulating pairs were collected from a sexual population of D. gonocephala in the Cottesserbeek near Cottessen, southeast Netherlands (50³7 H N, 5³9 H E) on 5 May (n 23 pairs), 24 May (n 16 pairs), 24 June (n 30 pairs) 1995, and 5 June 1996 (n 55 pairs). Stones were examined between 06:00 and 10:30 h. Pairs were removed using a soft paintbrush and immediately ¢xed in the ¢eld using a mixture of acetic acid and ethanol in the ratio 1: 3, respectively. In the laboratory they were treated with 5N HCl, Schi¡ 's reagent and 45% acetic acid (Romeis 1968) . Each individual was measured using an image analysis system (MicroScale TM/TC; Digithurst LTD) coupled to a video camera (Sony SSC-M370CE) with a macro lens. Due to their £at body shape (in live and ¢xed condition), body size can be conveniently expressed as dorsal surface area (mm 2 ). Measurements of ¢xed individuals were converted to live size using a linear regression model (live size 5.13 + 0.27 Â size after ¢xation, n 37, r 2 0.94, p50.001).
On 24 examined stones without copulating pairs. Since the natural population (discontinuously) inhabits only about 200 m of the stream and is therefore not very big (but note that density may yield up to 300 animals m À2 ), non-mating animals were not killed but measured alive within three days after sampling using the set-up described above, and most were returned to the ¢eld on 28 June 1995. For the measurement, they were allowed to glide in a water-¢lled Petri-dish (diameter 11cm), and for each individual the average of three separate measurements was used (6^7% variation among measurements). Since a considerable number of them were small, and presumably immature, 30 individuals between 8.8 and 26.0 mm 2 in length (x 16X4 AE 4X8 mm 2 ) were killed and checked for the presence of developed reproductive organs. Since the smallest adult measured 19.4 mm 2 , all animals of length 519.4 mm 2 (n 193) were considered immature and excluded from further analysis.
(b) Laboratory experiments
Live animals were collected in the Cottesserbeek and transported to the laboratory in plastic pots ¢lled with stream water. Culture room temperature was maintained at 14 AE 1³C and the light set at 12L : 12D (day starting at 07:00 h). Prior to the experiment, animals were acclimatized for one week in a group (n 100 individuals) in a 48 l (80Â60Â10 cm) tank ¢lled with ¢ltered, aerated stream water. They were fed once with punctured, fresh Chironomus larvae, and once with frozen cray¢sh. Individuals were subsequently measured as outlined before and isolated for two days in 200 ml brown, plastic pots placed in a similar 48 l tank. A hole (diameter 34 mm) in opposite sides of each pot and covered with 0.25 mm 2 mesh ensured water exchange.
Observation chambers were made from transparent Perspex. A 2 mm lid was placed on top of a 4 mm thick bottom plate that contained one or more holes covered with 0.25 mm 2 mesh on the underside. Arena 1 contained one central chamber of 10Â8Â0.4 cm and was designed for group experiments. Arena 2 was subdivided into 12 chambers of 3Â3Â0.4 cm and was used for experiments with pairs. Arenas were suspended in a 24 l (60Â40Â10 cm) tank with the lid upward. The water of the observation tank was circulated through an additional 50 l bu¡er tank that was placed in a cooling chamber (14 ³C). Two dim, white lamps (15 W) provided daylight (12L : 12D, day starting at 07:00 am), whereas a red lamp used for dark-rooms illuminated the set-up during the night. Planarian sensitivity for red is negligible (Brown et al. 1968) . Recordings were made using a sensitive, black-andwhite video camera (Sony SSC-M370CE) with macro lens, coupled to a time-lapse video recorder (Mitsubishi HS-S 5600 E).
To allow interactions and choice based upon sequential encounters, two groups, each containing three small and three large individuals (50% size di¡erence between dorsal surface of small and large individuals (1: 1.5)), were monitored continuously for 17 d (from 16 July to 7 August and from 16 August to 2 September 1995, respectively). The number of homogamic and heterogamic copulations was recorded.
To examine pre-copulatory behaviour and the likelihood of matings when relative partner size is equal or di¡erent, six homogamic and six heterogamic pairs were video-recorded simultaneously on three di¡erent occasions (from 15 to 22 June, from 23 June to 5 July and from 6 to 16 July 1995, respectively). This resulted in a total of 18 homogamic (maximum size di¡erence 1: 1.1) and 18 heterogamic pairs (size di¡erence 1: 1.41 : 1.6). The relative size di¡erence in heterogamic pairs was smaller than the maximum observed in the ¢eld (1: 1.8, see ½3). There was no overall absolute size di¡er-ence between the two pair types (Mann^Whitney U 535, n 18, n.s.). In three homogamic and ¢ve heterogamic pairs one of the partners escaped or died in the course of the experiment. These pairs were excluded from the analyses. For the remaining pairs the number of pre-mating attempts until the ¢rst copulation was counted and it was noted for each attempt at which stage the mating sequence was terminated.
(c) Statistical analysis: how to correlate two hermaphrodites?
A product-moment correlation coe¤cient (r p ) cannot be used to correlate characteristics of two mating hermaphrodites since an a priori assignment of either partner to a speci¢c axis is not possible. One solution is to calculate r p after randomly assigning each partner to either axis. When repeated at least 100 times, the resulting averaged r p can be used as a measure for the degree of association between two hermaphroditic partners (Baur 1992). However, this procedure provides value estimates and standard errors that will vary when the analysis is repeated. We propose therefore to calculate the intraclass correlation coe¤cient r i (Donner 1986; Sokal & Rohlf 1995) . First, a one-way ANOVA is calculated with pair-number as the classi¢cation factor. Second, r i can be calculated as the proportion of the total variance explained by the variance between groups:
The values MSW (mean squares within) and MSB (mean squares between) are provided by the ANOVA table of most statistical packages. The p value is given by the probability of the F statistic. Note that r i is a proportion that varies from 0 to 1. Although it is a measure of association within groups, it is not equivalent to the product-moment correlation coe¤cient.
All statistical tests were performed with Statistica (v. 4.1) for Macintosh and SPSS (v. 6.1.2) for Windows. The latter provides a t-test that corrects for unequal variances in the two groups that are compared (t u in the results). This procedure reduces the degrees of freedom. Means are given with standard deviation.
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R E SU LT S (a) Assortative mating in the ¢eld
In each of the four ¢eld samples, large individuals had large partners whereas small mated with small, demonstrating that mating is size-assortative (5 May 1995: n 23 pairs, r i 0.40, p 0.02; 24 May 1995: n 16 pairs, r i 0.67, p 0.001; 24 June 1995 (see ¢gure 2): n 30 pairs, r i 0.47, p 0.003; 5 June 1996: n 55 pairs, r i 0.60, p50.001). The largest size di¡er-ence within a pair was 20.3 : 36.2 mm 2 (1: 1.8) (¢gure 2). There was no di¡erence in average body size when compared between stones (24 June sample, mating and non-mating animals combined; ANOVA, F 33, 3 1.15, n.s.); thus size-assortative mating did not result from di¡erent size-classes occurring on di¡erent stones. Compared to the average size of non-mating individuals (n 299, x 30.5 AE 6.7 mm 2 ), mating animals (n 60, x 28.1 AE 4.5 mm 2 ) were smaller (t u 3.4, d.f. 117, p 0.001) and also signi¢cantly less variable (Levene's F 1 13.6, p 50.001). This statistical di¡er-ence largely resulted from the fact that large individuals (436.2 mm 2 ) were absent from the sample of mating pairs (¢gure 3). Large, non-mating individuals mated normally in the laboratory in further experiments.
(b) Matings in groups
When matings are random among three large and three small individuals, a ratio of 3 : 2 heterogamic : homogamic (respectively) copulations is expected. We observed 1: 3 : 2 small/large : small/small : large/large copulations in the ¢rst run and 3 : 2 : 2 small/large : small/small : large/large copulations in the second run. This results in 1: 5 and 3 : 4 heterogamic : homogamic copulations in groups one and two, respectively, which is signi¢cantly di¡erent from the random expectation for group one (Binomial p 0.041), but not for group two (p 0.29), despite a similar trend (p 0.064, probabilities combined (Sokal & Rohlf 1995) ).
(c) Mating sequences in homogamic and heterogamic pairs
Twelve out of 15 homogamic pairs displayed precopulatory behaviour and subsequent copulation. Of the 13 heterogamic pairs, ten showed pre-copulatory behaviour, but only seven copulated (¢gure 1). The number of pairs that did copulate did not di¡er between the two pair types (w 2 2.18, d.f. 1, n.s.). Heterogamic pairs showed, however, about twice as many mating attempts for the ¢rst copulation than did homogamic pairs (Mann^Whitney U 18, n 1 7, n 2 12, p 0.037, ¢gure 1). Three heterogamic pairs which did not copulate, despite an average of 9.6 mating attempts, were excluded, thus the previous result is a conservative estimate. That most attempts were terminated in phases a and b (¢gure 1) further indicates that failures are not because of size di¡erences in genitalia, because such e¡ects can only occur in phase c.
. DI S C U S S ION
As predicted for a simultaneous hermaphrodite with multiple mating opportunities, long matings and sizerelated female fecundity (Ridley 1983) , mating is sizeassortative in the hermaphroditic £atworm Dugesia gonocephala. All ¢eld samples showed a signi¢cant positive size-correlation between the partners of copulating pairs. Furthermore, mate-choice experiments in the laboratory showed that animals were able to discriminate between partners of di¡erent size and that equally sized individuals were more likely to mate. Although sample sizes were small due to the low 1562 C.Vreys and N. K. Michiels Flatworms £atten to size up each other Proc. R. Soc. Lond. B (1997) Figure 2 . Example of the relationship between the body sizes of two partners in a mating pair. Since axis-assignment is arbitrary for both partners, this graph is only a random selection of one of the many possible graphs that can be made and therefore statistical testing of this particular scatter plot is not meaningful (see ½2). The sample shown is that of 24 June 1995 (n 30 pairs). One pair showed a size di¡erence of 1:1.8 (indicated with an arrow). This is the largest relative size di¡erence seen in the ¢eld. mating rate typical for this species, the observed e¡ects di¡er strongly from those found in a similar experiment in the related D. polychroa where matings are more frequent and size-assortative mating is absent .
Despite the fact that assortative mating by size is one of the most common mating patterns in natural populations of gonochorists (Ridley 1983) , its underlying mechanism is often not well understood. Our experiments provide strong indications that size-assortative mating in D. gonocephala is the result of size assessment during courtship. Heterogamic pairs exhibited about twice as many mating attempts for the ¢rst copulation than did homogamic pairs. Most attempts were terminated before the gonopores were brought into juxtaposition, showing that problems in achieving genital contact were not the main cause of discontinued attempts. In fact, most attempts were terminated at a stage during which one partner glides on top of the other and ¢rst the lower, then both individuals, spread out and £atten (¢gure 1a and b, respectively). Planarians eyes lack a refractive apparatus which would enable them to form images (Hyman 1951; Smales & Blankespoor 1978) . Therefore, intense body contact may be needed to estimate the size of a potential mate. The fact that partners separate after each unsuccessful attempt and that the time between two successive mating attempts can be very prolonged (Vreys et al. 1997a) will increase the likelihood of sizeassortative mating when several receptive partners are available. Overall, our results strongly suggest that D. gonocephala is the ¢rst simultaneous hermaphrodite (and lower invertebrate) known to show true sizeassortative mating on the basis of active size assessment.
It is clear that if hermaphrodites assess each other and make mating decisions accordingly, sexual selection is at work. The interesting di¡erence with gonochorists is that the situation is symmetrical. In D. gonocephala, one behaviour (£attening) allows both mating partners to signal their own size and to assess the relative size of their partner. Cheating is impossible as a small animal cannot pretend to be big. The evolution of`sizing' seems straightforward. As soon as a preference for larger partners has evolved (for the reasons suggested by Ridley (1983) ), it is obvious that a partner that is being assessed and that responds by £attening is favoured by selection since it will appear bigger, therefore increasing its mating chances. Although one could regard £attening as a dishonest signal by the ¢rst individual that employed it, the traits`£attening' and`size-preference' will be linked immediately and spread through the population, making`£attened body size' an honest signal.
Assuming that each individual prefers a partner that is equal or larger in size, large animals will have a lower mating rate because they reject most conspeci¢cs. This may explain the surplus of unmated, large animals in the ¢eld population. Note that although this may negatively a¡ect male reproductive success (RS), allosperm limitation in the female function is highly unlikely in D. gonocephala because of long-term sperm storage (Vreys et al. 1994) . Moreover, large animals still have the bene¢t of having the highest female RS. All this suggests that sexual selection will favour an average body size for a maximal male RS, whereas natural selection will favour large body size for a maximal female RS.
An unanswered question is why size-assortative mating is present in D. gonocephala while it is absent in other species that also meet the conditions put forward by Ridley (1983) . Baur (1992) suggested that, in agreement with Parker's (1983) model for indiscriminate mate choice, time-constraints on activity and high searching costs explain the prevalence of random mating by size in the land snail Arianta arbustorum. In D. polychroa, mating activity is mainly limited to the night as well , but this is also true for D. gonocephala (Vreys et al. 1997a) . Second, because planarians are known to aggregate under stones (Reynierse & Ellis 1967) and densities are often high, the cost of mate searching can be considered to be low for both Dugesia species. Furthermore, indiscriminate mating in D. polychroa was not caused by limited variance in mate quality: a 1.5-fold size di¡erence between individuals does not a¡ect the likelihood of copulation, despite the associated 40% lower cocoon production in the smallest partner . Hence, Parker's (1983) model, cannot explain the di¡erence between the mating patterns of D. polychroa and D. gonocephala. More relevant di¡erences may be those associated with the copulation itself. Copulations do not only last longer in D. gonocephala (12 min to 10.5 h versus 5 min to 2.5 h in D. polychroa), they also take place at a three times lower frequency Vreys et al. 1997a) , probably because D. gonocephala needs at least one day to prepare a new spermatophore (Vreys et al. 1997b) , whereas D. polychroa transfers free sperm and can do so for maximally three times in one day . These di¡erences may make mating in D. gonocephala more costly in terms of time investment and future mating opportunities.
